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From MEFs to Matrigel: Culturing Human Embryonic Stem Cells in the Absence of Feeder Cells
Splitting human embryonic stem cells (hESCs) plated on mouse embryonic fibroblasts (MEFs)
Usually a confluent hESC plate can be split 1:6 to 1:10, depending on the particular hESC line. The split plate will become confluent again 5-7 days after splitting.
1. Two days before splitting, gelatinize plates using a 0.1% gelatin solution. For a 6-well plate, add 2ml into each well and incubate plate in a 37(C, 5% CO2 tissue culture incubator overnight. 
2. Plate MEFs on gelatinized 6-well plates the day before you plan on splitting the hESCs. (NOTE: MEFs can be plated as many as 3 days earlier if needed. After ~ 3 days, MEFs become flatter and more spread-out and cannot sustain hESCs as well as fresher MEFs can.) Take a vial of (-irradiated or mitomycin C treated CF1 MEFs, containing 5-6 x 106 cells, from liquid nitrogen and thaw for 2 min in a 37(C water bath. Wash cells once with warm MEF Culture Media in a 50ml falcon tube and resuspend in the final volume of warm MEF Culture Media. At 5-6 x 106 cells, this is enough to plate two or three 6-well plates.

3. While the MEFs are being washed, take out the gelatinized plates, remove all solution from the wells and add 2.5 ml of MEF Culture Media per well.  

4. Add 0.5 ml of MEF suspension per well to achieve 3 ml as a final volume in each well. Make sure MEFs are evenly dispersed and place plates back in the incubator overnight to settle.
5. On the day of hESC splitting, prepare fresh or use < 2 week-old sterile collagenase IV solution at 1mg/ml. Remove all the media from the hESC wells you want to split, wash once with 2ml per well of warm 1×PBS, pH 7.4, and add 1ml of collagenase IV solution. Incubate at 37(C for 5-10 min. Take the 6-well hESC plate out of the incubator and add 1ml of ES media (without bFGF) to each well. Using the solution in each well, with a 1ml pipette suck up the media and blow the stem cells off of the plate. For each well this will take about 5 to 10 repetitions. Then transfer the suspended hESCs into a 50ml falcon tube. Do this for all the wells being split and combine in one 50ml falcon tube. Pellet the hESCs at room temperature at 200g for 5 min and wash one time with ES media lacking bFGF. 
6. While the hESCs are being washed, take out the MEF plates, remove all media from the wells and wash once with sterile, warm 1×PBS, pH 7.4 then add 2.5 ml of ES media (now supplemented with 10 ng/ml bFGF) per well. 
7. Resuspend the pelleted hESCs in an appropriate volume of ES media, supplemented with 10ng/ml bFGF. (NOTE: When the hESCs are resuspended, they should be of roughly uniform colony size and shape. The resuspension volume depends on the splitting ratio.) Carefully pipette the hESC suspension up and down a few times to make the colonies smaller and more uniform, but not so much that single cells or very small colonies are generated. Add 0.5 ml of hESC suspension per well to the MEF plates to achieve 3 ml as a final volume in each well. Visually check to make sure that the hESCs are distributed evenly before placing the plates back in the incubator overnight to settle. After plating it will usually take a few days for colonies to take on their characteristic shape and border appearance.
hESC culture daily maintenance
1. hESC culture media must be changed every 24 hrs. From the ES media stock bottle stored at 4(C, take out the amount of solution needed (~20ml per 6-well plate), place in a 50ml falcon tube, and warm to 37(C in a water bath. Once the media is warmed, add bFGF stored at 4(C to a final concentration of 10ng/ml. Put the bFGF stock back at 4(C immediately after use! 
2. Remove from the 6-well plates all but ~500l of media. Make sure to swirl the culture dish to suspend debris for removal. Make sure the bFGF in the hESC culture media is thoroughly mixed and add 3ml of fresh media back to each well of a 6-well plate. Put the plate back in the incubator.
Splitting hESCs from MEFs onto Matrigel
Usually a confluent 6-well plate of hESCs on MEFs can be split 1:2 to 1:3 onto Matrigel 6-well plates, with the wells becoming confluent again 4-5 days after splitting.
1. When splitting hESCs onto Matrigel, MEF-conditioned media (CM) is used to maintain pluripotency. MEF-conditioned media is made in advance. On the first day, 1.5×107 (-irradiated MEFs are seeded into a T75 flask. On the second day, MEFs are washed once with room temperature 1×PBS, pH 7.4, and then 15ml of ES media supplemented with 5ng/ml bFGF is added to the flask. (NOTE: MEFs can be plated into smaller or bigger flasks but proportion between cell density and volume of ES media should be constant.) The flask is incubated at 37(C for another 24 hrs. On the third day, the CM is collected and replaced with 15ml of fresh ES media supplemented with 5ng/ml bFGF. The collected CM is stored at 4(C. MEF-conditioned media from one plating of MEFs are harvested over seven consecutive days to generate 15 × 7 = 105ml. After seven days, all CM fractions are combined, sterile filtered, aliquoted and stored at –20C. CM media prepared as described can be stored and used for 1 month.
2. One day before hESC splitting, put Matrigel aliquots in eppendorf tubes at 4(C to thaw overnight (one aliquot contains 76.2mg of Matrigel, and this is the amount needed for one 6-well plate). On the day of splitting, take one vial of the thawed Matrigel for one 6-well plate, put the vial and 6ml of cold DMEM/F12 media on ice. Transfer the Matrigel into the DMEM/F12 media and mix well. Add 1ml of the solution to each well of a 6-well plate. Swirl the plate to distribute Matrigel on surface and incubate the Matrigel-covered plate at room temperature for at least 1 hr before splitting the hESCs.
3. hESCs on MEFs are washed once with 1×PBS, pH 7.4. Subsequently 1ml of warm collagenase IV (1mg/ml) is added to each well of the 6-well plate and then the plate is incubated at 37(C for 5-10 min.
4. Add 1ml of ES media without bFGF to each well. Use a 1ml pipette to blow the stem cells off the plate. Collect all the media containing clumps of hESCs and dead MEFs into a 50ml falcon tube. Let big clumps of cells settle for 5-10 min so that the hESC clumps form a pellet at the bottom of the tube while the MEFs remain suspended in the supernatant. Discard the supernatant, and wash by resuspending the hESC pellet using ES media lacking bFGF, followed by centrifugation at room temperature at 200g for 5 min.
5. To plate the stem cells on Matrigel plates, first wash the Matrigel plates with room temperature DMEM/F12 (1ml per well) and adding 2.5ml of CM supplemented with 10ng/ml bFGF per well. Resuspend the pellet in an appropriate volume of CM supplemented with 10ng/ml bFGF, pipette the cell suspension up and down several times until the clumps become uniform and small in size. Aliquot the suspension at 0.5ml per well on the Matrigel plate. Note that the colony density on Matrigel is higher than the density of colonies by usual splitting on MEFs. Place the plate in a 37(C tissue culture incubator. 
6. To maintain the hESCs on Matrigel, CM media supplemented with 10ng/ml bFGF is changed every 24 hrs for up to 4-5 days.
Splitting hESCs from Matrigel to Matrigel
Usually a confluent 6-well plate of hESCs on Matrigel can be split 1:3 to 1:5 to another Matrigel plate, with the wells becoming confluent again 4-5 days after splitting.
1. CM and Matrigel plates are prepared as described above before splitting. 
2. On the day of splitting, wash each well for splitting with 1×PBS, pH7.4, add 1ml of 1mg/ml Dispase (dilute 5mg/ml stock solution with DMEM/F12 media) to each well, and incubate at 37(C for 3 min.
3. Wash each well three times with 1×PBS, pH7.4, add 1ml of ES media without bFGF, use a cell scraper to scrape colonies off the bottom of the well, collect the suspended hESCs in a 50ml falcon tube, and pellet by centrifugation at 200g for 5 min at room temperature.
5. To re-plate the hESCs on Matrigel plates, first wash the Matrigel plates with DMEM/F12 and add 2.5ml of CM supplemented with 10ng/ml bFGF per well. Resuspend the hESC pellet in an appropriate volume of CM supplemented with 10ng/ml bFGF, pipette the cell suspension up and down three times. (NOTE: When hESCs for splitting come from Matrigel plates, the clumps are very easy to break; therefore three rounds of pipetting is enough and more pipetting may over-disrupt the colonies and make single cells.) Aliquot 0.5 ml of hESC clumps suspension per well of the 6-well Matrigel plate to achive 3ml per well as a final volume. Place the plate in a 37(C incubator. 
Detection of pluripotency markers by immunofluorescence microscopy
Immunofluorescence microscopy is used to examine the expression of hESC pluripotency markers Oct4 and SSEA-4 during culturing.
1. Aspirate media from one well and wash with 1×PBS, pH 7.4. Add 2ml of 3.7% formaldehyde to the well to fix for 10 min. 

2. Rinse with 1xPBS, pH 7.4, add 2ml methanol to the well and place at –20(C for 2 min.
3. Rinse with 1xPBS, pH 7.4, and block with 1ml of 0.2% bovine serume albumin (BSA) for 5 min.
4. Add 1ml of Oct4 or anti-h/mSSEA-4 antibody (1:200 dilution in 0.2% BSA), and incubate at room temperature for 1 hr or at 4(C overnight. (NOTE: for SSEA-4 go directly to step 6)
5. Rinse three times with 1xPBS, pH 7.4, add FITC-conjugated rabbit IgG (1:500 dilution in 0.2% BSA), and incubate at room temperature for 1 hr.
6. Rinse 3 times with 1xPBS, pH 7.4, and put a drop of mounting solution (can contain DAPI if necessary) at the center of the well. Put coverslip on top of the cells, seal with nail polish, and evaluate by fluorescence microscopy.

Human embryonic stem cell receipts
ES media (Embryonic Stem cell media):
DMEM/F12 - 400ml 
Knockout Serum Replacer - 100ml
Non-Essential Amino Acids - 5ml
200mM GlutaMax / BME Solution - 5ml
Penicillin / Streptomycin - 5ml
Mix well and store final hESC Culture Media in 500ml bottles at 4(C. Good for a maximum of two weeks.
MEF Culture Media:
DMEM - 1000ml 
FBS - 100ml
Non-Essential Amino Acids - 10ml
Glutamine - 10ml
Penicllin / Streptomycin - 10ml
Mix well and store final MEF Culture Media at 4(C. 
200mM Glutamax / BME Solution:
Glutamax - 100ml
(-mercaptoethanol (Stock solution at 14.3M) - 140 l
Mix two solutions well and then aliquot 10ml portions. Keep aliquots at –20(C.
bFGF Solution (final concentration of stock: 10 micrograms/ml):
bFGF (FGF2) - 50 g
0.1% BSA in 1xPBS, pH 7.4 - 5ml
Dissolve 50 micrograms bFGF in 5ml 0.1% BSA to make a 10 g/ml stock. Aliquot into 500 l portions. Store at –80(C.
Collagenase IV Solution (1mg/ml):
Collagenase IV - 50mg
DMEM/F12 Media - 50ml
Add the collagenase IV powder to a 50ml falcon tube. In the hood, mix in 50ml of sterile DMEM/F12 media. Vortex the solution for < 1 min. to make sure the powder is dissolved. In the hood, pass through a 0.22 m filter into a new sterile 50ml falcon tube. This solution is good for a maximum of 2 weeks stored at 4(C. 
Dispase Solution (1mg/ml):
Dispase 5mg/ml – 2ml
DMEM/F12 Media – 8ml
Aliquot commercial 5mg/ml Dispase solution and store at –20(C. Dilute dispase to 1mg/ml using DMEM/F12. This solution can be kept for 1 week at 4(C

Materials

	Name 

	Type 

	Company 

	Catalog Number 

	Comments


	Knockout Serum Replacer (KSR)

	Reagent

	Gibco

	10828-028

	
	DMEM/F12

	Reagent

	Gibco

	11330-057

	
	Non-essential Amino Acids

	Reagent

	Gibco

	11140-050

	
	GlutaMax

	Reagent

	Gibco

	35050-061

	
	DMEM

	Reagent

	Gibco

	11995-065

	
	FBS

	Reagent

	Clontech

	631107

	
	L-glutamine

	Reagent

	Gibco

	25030-081

	
	BME

	Reagent

	Fisher

	BP176-100

	
	bFGF

	Reagent

	R&D Systems

	233-FB-025

	
	Collagenase IV

	Reagent

	Gibco

	17104-019

	
	Dispase

	Reagent

	Stem Cell Technologies

	17105-041

	
	Penicillin / Streptomycin

	Reagent

	Gibco

	15140-122

	
	Gelatin

	Reagent

	Chemicon

	ES-006-B

	
	Matrigel

	Reagent

	BD Biosciences

	354277

	
	Oct-4 antibody

	Reagent

	Santa Cruz Biotechnology

	SC-9081

	
	anti-h/mSSEA-4 Phycoerythrin Conjugated Mouse IgG3

	Reagent

	R&D Systems

	FAB1435P

	
	FITCI-conjugated antirabbit IgG

	Reagent

	Jackson ImmunoResearch Laboratories. Inc.

	715-095-152
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